related species to epoxide enantiom ers are also presented.
Chiasma clathrata L. (Lepidoptera: G eom etri dae) is one of several defoliator pests of alfalfa, the population dynamics of which is regularly m onitored by the Plant Protection Service of the Ministry of Agriculture and Food (Budapest, H un gary), based on light-trap captures. Pheromone traps would be a much more selective and easy-touse forecasting m ethod for this pest. The present studies were started to elucidate the chemical structure of the sex pherom one of C. clathrata with the final aim of developing a selective sex attractant for the pest. D ata on selective attraction of Reprint requests to Dr. M. Toth. related species to epoxide enantiom ers are also presented.
Materials and Methods

Insects and pherom one extraction
Laboratory cultures of C. clathrata were main tained on fresh alfalfa leaves during the summer seasons in Hungary. Adults were kept separate and under a reversed 18/6 light/dark photoperiod in the laboratory for behavioral observations. In sects used in electrophysiological studies in Lund were transferred as pupae to Sweden. Pherom one extracts were prepared by excising the terminal segments of the abdomens of calling unm ated fe-0939-5075/94/0700-0516 $ 06.00 © 1994 Verlag der Zeitschrift für Naturforschung. All rights reserved.
males. Batches of excised segments were extracted in a minimal am ount (ca. 2 (d/female) of redistilled hexane or pentane for 1 0 min.
Analyses
Gas chromatography with combined flame ioni zation and electroantennographic detection (GC-F ID /E A D ) was conducted in Lund (Sweden), ac cording to m ethods earlier described (Töth et al., 1991) . Samples were separated on DB-1 and DBwax 30 m x 0.25 mm i.d. fused silica capillary col umns (J&W Scientific, Folsom, CA, U.S.A.).
Combined gas chromatography/mass spec trom etry (GC/MS), and synthesis of pheromone compounds was carried out in Hamburg (G er many). Structure elucidation of the target com pounds was perform ed by GC/MS under the same conditions as described earlier (Hansson et al., 1990) . Mass spectra and gas chromatographic re tention times (coinjection) of racemic samples served as references. Chemical purity of synthet ic (Z,Z)-6,9-cis-3,4-epoxyheptadecadienes was checked on a 25 m x0.25 mm i.d. fused silica col umn held for 1 min at 80 °C, then programmed to 140 °C at a rate of 20 °C/min and held at this tem perature.
Enantiom eric separation of chiral epoxides was achieved by gas chrom atography using a 1 : 1 mix ture of heptakis-(2,6-di-0-m ethyl-3-0-pentyl)-ß-cyclodextrin and OV 1701 as the stationary phase and hydrogen (2 ml/min) as the carrier gas. Syn thesis of the cyclodextrin as well as preparation of our tailor-made columns have been described in detail Pietruszka et al., 1992) . U nder the carefully optimized conditions m en tioned above, the enantiom ers showed an a-value i.e. rt(3 /?,4 S )-: rt(35',4i?)-of 1.02. Assignment of absolute configuration of naturally occurring epoxydienes was perform ed by chiral gas chrom a tography using synthetic optically active refer ence compounds.
Synthesis
Synthetic samples of the target compounds used for structure confirmation and bioassays were pre pared according to the procedure which we al ready described for the bishomologue C19-epoxydienes (Szocs et al., 1993) . O ur compounds showed chemical purities higher than 98%, and optical purities of 94% ee (enantiom eric excess); optical rotations were found to be 
Trapping
Dispensers for the trapping tests were prepared by using 1 x0.5 cm pieces of rubber tubing (Taurus, Budapest, Hungary; No. MSZ 9691/6; extracted 3 times in boiling ethanol for 10 min, then also 3 times in methylene chloride overnight, prior to usage). For making up the baits the required amounts of compounds were administered to the surface of the dispensers in hexane (Merck AG) solutions. Prepared dispensers were stored at -6 5 °C until use.
Field tests were conducted at several sites in Hungary. Traps used in the tests were similar in shape and size to those described earlier (Arn et al., 1979) , but were made from polyethylene sheets. Traps were suspended from wooden poles in alfalfa fields at a height of 0.5 m above ground. Traps containing different baits were set up in rec tangular blocks. The distance of traps within a block was 4 -5 m. The distance between blocks ranged between 100 and 1000 m. Traps were moved one position forward within a block at each occasion when the traps were inspected. At the same time, captured males were recorded and sticky inserts were replaced by new ones. Capture data were transform ed to log(x + l) and differ ences between means were tested for significance by ANOVA followed by D uncan's New Multiple Range Test (DNMRT).
Results and Discussion
Emerging females called very intensively from the second day after emergence, and during the hour following lights-on. Extracts prepared from calling females evoked one EAD-active peak when subjected to G C -FID /EA D analysis on a DB-1 column, whereas analyses on a DB-wax column consistently produced two active peaks (Fig. 1) . Upon comparison of mass spectra and retention times on different columns, their struc tures proved to be (Z,Z,Z)-3,6,9-heptadecatriene (Z 3 Z 6 Z 9 -1 7 H y ) and (Z,Z)-6,9-ds-3,4-epoxyheptadecadiene (Z6Z9-3,4-epo-17H y) (Töth etal., 1991) . In one analysis on the DB-wax column, E A D peaks were also produced by two peaks which could be identified as tricosane and tetracosane.
In preliminary field trapping tests conducted with racemic Z 6Z 9-3,4-epo-17H y and various mixtures with the triene, no male C. clathrata were Table II caught. However, when the pure enantiom ers of Z6Z9-3,4-epo-17H y were tested, large numbers of C. clathrata males were captured in traps baited with the (3 Ä,4S)-enantiom er (Table I) . When Z 3 Z 6 Z 9 -1 7 H y was added to the active enantiomer of the epoxide, a significant increase in catches was observed at the 3:1 epoxide/triene blend (Table II) . The synergistic activity of the triene was further corroborated when several dosages of the blend and the epoxide alone were compared (Fig. 2) . A fter chiral stationary phases, useful in enantiomeric separation of chiral epoxy dienes, had become available, we carefully ana lyzed female abdominal tip extracts. As shown in Fig. 3 , the insects produce an enantiomerically pure component, the absolute configuration of mean catch/trap/ inspection Table I which was established to be (3 /M S ')-. No traces of the other enantiom er were found in the natural sex pheromone. Consequently, the results show that the female sex pherom one of C. cla th ra ta con sists of the binary mixture of (3RAS)-Z 6 Z 9 -3,4-epo-17Hy and the corresponding hydrocarbon Z 3 Z 6 Z 9 -1 7 H y . For monitoring purposes 100 to 1000 ^ig of a 3:1 epoxide:hydrocarbon mixture is proposed. Singly or in combination, Z6Z9-3,4-epo-17H y and Z 3 Z 6 Z 9 -1 7 H y were present in pheromone extracts or were attractive for males of several geometrids (Töth e t a l , 1991, 1992 ; Zheng-Ming Li e t al, 1988; Millar et al., 1987, 1990 a, 1990b ; Gries e t al., 1993); binary epoxide/hydrocarbon mixtures showed improved field activity in 2 of the 4 spp. where both com ponents were identified (Töth et al., 1991 (Töth et al., , 1992 Millar et al., 1987; Gries et al., 1993) .
In the course of the tests with pure enantiomers of Z6Z9-3,4-epo-17H y, we were surprised that no catches of the sympatric T ep h rin a a ren a cea ria Hbn. (Lepidoptera: G eom etridae) were recorded. Earlier we reported that males of this species were attracted to racemic Z6Z9-3,4-epo-17H y (Töth et al., 1991) . Since the synthetic sample used in these earlier tests contained ca. 2 % of racemic (Z,Z)-3,9-ds-6,7-epoxyheptadecadiene (Z 3 Z 9-6,7-epo-17Hy), which is a m inor com ponent in the pherom one of T. a re n a ce a ria (Töth e t al., 1991) , in the following trappings we tested mixtures of pure enantiom ers of Z6Z9-3,4-epo-17H y and racemic Z3Z9-6,7-epo-17H y ( Table III) . Males of T. a ren a cea ria were caught exclusively into traps which contained the (3.S,4/?)-enantiomer of Z6Z9-3,4-epo-17H y together with 5% of racemic Z3Z9-6,7-epo-17Hy. The presence of the (3/?,4S)-enantiom er of Z 6Z9-3,4-epo-17H y sig nificantly decreased, but did not eliminate catches. Although at present it is not known whether female T. a ren a cea ria produces pure enantiomers, the behavioral activity of the main pheromone component is clearly connected to the (35,4/?)-configuration.
In a test with pure enantiom ers of Z 6 Z 9-3,4-epo-17Hy conducted at the flood area of the Danube (mixed bushes and poplar/willow forest; an atypical site for alfalfa geometrids), males of two A b r a x a s species (Lepidoptera: G eom etridae) were captured: A . g ro ssu la ria ta L. came into traps with the (3S,4/?)-enantiomer, while A . sy lv a ta Scop, was attracted to traps with the (3/?,4S)-enantiom er (Fig. 4) . The presence of the opposite enantiom er did not influence catches by A . g r o s s u lariata, while it was inhibitory in A . sy lv a ta . The presence of Z6Z9-3,4-epo-17 Hy as the main com ponent of the sex pherom one of A . g ro ssu la ria ta has been reported (Töth et al., 1992) , however, it is not known whether the female produces only the (35',4/?)-enantiomer in the pheromone. This is the first report concerning male attraction of A . sylva ta . The present results suggest that in both the two alfalfa geometrids and the two A b r a x a s species occurring in their respective biotopes, one of the key mechanisms for maintaining phero mone specificity may be the use of different en antiomers of the same polyene-derived epoxide in the sex pheromone. While the biological importance of enantiomeric discrimination is well represented among several other insect groups, i.e. bark beetles (Coleoptera, Scolytidae) (Vite et al., 1978; Borden et al., 1980) ; and references therein, so far only few examples of similar isolation mechanisms have been de scribed in Lepidoptera due to the difficulties in the preparation of pure enantiomers, and in the analysis of the enantiom eric composition of epox ides. Very recently we found evidence for similar cases of pherom one specificity in a group of late autumn/early spring-flying geometrids (Szocs et al., 1993), supporting earlier indications of stud ies on geometrid epoxide pherom one and attractant components (Millar et al., 1990b; Gries et al., 1993) . In the case of the gipsy moth and the nun moth (Lymantria dispar L., L. monacha L.) (Lepi doptera: Lymantriidae), it is known that the former is attracted to the (75',8i?)-enantiomer of 7,8-epoxy-2-methyloctadecane (disparlure), while the (77?,85)-enantiomer is active on the latter species (Hansen, 1984) . It is probable that the present discrimination mechanism is widespread among moth species utilizing epoxide pherom one components.
